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Abstract 
In this paper, calibration method for force transducers on dynamic force condition with or without the levitation mass 
method (LMM) is reviewed. At first, a brief review of the LMM is described. Secondly, a correction method for force 
transducer in dynamic force measurement using the LMM is introduced. Finally, the self-correction method for force 
transducer is shown with results. The most of the dynamic error of an S-shaped strain gauge transducer is effect of 
inertial mass of the transducer. By using the LMM, the relations between the dynamic error and transducer’s output 
are investigated and a correction parameter is calculated. Without the LMM, the force measured by the transducer can 
be corrected by use of the correction parameter. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Force is one of the most basic physical amounts. Force acting on an object changes its speed and 
direction. It is important to measure the force precisely for wide range of research and industrial area. 
Prof. Fujii, a coauthor of this paper, has been working on the levitation mass method (LMM) for 
measuring or applying force with high preciseness [1-11]. The LMM is a very unique method and Fig. 1 
shows a principle of the LMM. A rigid body with a mass M is levitated using air pressure or electro-
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magnetic force. The rigid body can move with sufficiently low friction. When the rigid body interacts 
with a target object, the force acting on the object is equal to the force acting on the rigid body. If the 
friction can be negligible, the force acting on the rigid body can be assumed the interaction force only. 
The interaction force changes the speed of the rigid body; it is the acceleration of the rigid body. So the 
force acting on the object is precisely measured with measuring the acceleration of the rigid body by 
using a Doppler interferometer and previously measured mass M using the equation of motion F = Ma,
where F is the force acting on the rigid body. Because the laser Doppler interferometer can measure 
velocity with high sensitivity, high temporal resolution and high preciseness, the force also can be 
measured with high sensitivity, high temporal resolution and high preciseness by the LMM. Authors have 
applied the LMM to many kinds of measurement, such as force calibration methods [1-3], material testers 
[4-6], the mass measurement methods [7-9]. We introduce here our recent search about self-correction 
method for force transducers. 
Force transducers are usually used to measure force. However, there is no standard method to evaluate 
and calibrate the force transducer in dynamic force condition. It is difficult but important to measure 
varying force during interactions between an object and the force transducer. For the dynamic calibration 
method, another precise force measurement method is required in addition to the force transducer. Then, 
we applied the LMM to the dynamic calibration of the force transducer. 
In this paper, the calibration method for force transducers and the self-correction method for 
transducers are introduced. Additionally, results of impact tests and the way to obtain correction 
parameters are shown. Finally, summary and the future prospects are discussed. 
Fig. 1. The principle of the levitation mass method (LMM) 
2. Measurement method of the dynamic error of the transducer 
At first, the dynamic error of the transducer was measured. Fig. 2 shows an experimental system for 
measuring forces by a transducer and by the LMM during an impact test. The transducer under test is an
S-shaped strain-gauge force transducer (DB-200N, Showa Measuring Instruments) fixed on a base. 
An aerostatic linear bearing is used in order to obtain linear motion with sufficiently small friction acting 
on the rigid body, i.e. the moving part of the bearing. The moving part with a corner cube prism (CC) and 
an extension rod is accelerated and is collided with a sensing point of the force transducer.  
The velocity of the moving part v1 and the velocity of the sensing point of the transducer v2 are 
measured using two optical interferometers named Interferometer-1 and Interferometer-2, respectively. 
The forces acting on the moving part and the sensing point are obtained by the equation of motion, F = 
ma, where m is the mass and a is the acceleration. 
The mass of the moving part, M1, is 2.653 kg including the CC and the extension rod. The mass of the 
contact point of the transducer, M2, is 0.082 kg including a CC and their base plate. 
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For the light source of interferometers, a Zeeman-type two-frequency He-Ne laser is used. The 
fundamental frequency difference of the laser, frest, is measured by a photo detector (PD), PD0, as a beat 
frequency of the two frequencies. The beat frequencies between fundamental frequencies and frequencies 
modulated by Doppler effects at the moving part and the transducer are measured by PD1, PD2 and 
corresponding frequency counters. 
Fig. 2. Experimental setup. (LD = Laser diode, PD = Photo detector, CC = Corner cube prism, PBS = Polarizing beam splitter, 
NPBS = Non-polarizing beam splitter, GTP = Glan-Thompson prism, ADC = Analog-to-digital converter, DAC = Digital-
to-analog converter, DSR = Dynamic strain recorder) 
Figure 3 shows a result of an impact test. The solid curve is the force measured by the LMM, Fmass.
The dashed curve is the force measured by the force transducer, Ftrans. The short dashed curve is the error 
of the transducer, Ferror = Ftrans – Fmass.
Fig. 3. The force measured with the transducer Ftrans, the force measured with the interferometer Fmass and the difference between 
the two forces 
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3. Self-correction method for the force transducer 
From our previous studies [10, 11], the error in dynamic force measurement is almost proportional to 
the acceleration of the contact point of the force transducer, a2, and that the error is well explained as the 
inertial force of a part of the transducer. In the other hand, the output signal of Ftrans is almost 
proportional to the displacement of the contact point. Therefore, a2 can be obtained by the differential 
coefficient of the second order of the force measured using the force transducer. So the regressed 
error can be expressed as follows, 
Freg = C (d2Ftrans / dt2), (1) 
where C is a parameter for dynamic correction. Fig. 4(a) shows relations between the differential 
coefficient of the second order of the force measured using the force transducer and Ferror. The 
slope of the regression line drawn in Fig. 4(a) becomes the parameter for dynamic correction C. The 
corrected force is calculated from following equation, 
Fcorrect = Ftrans – Freg = Ftrans – C(d2Ftrans / dt2). (2) 
With the LMM system, the C can be regressed after each impact test. However, without the LMM 
system, the correction should calculate with a unique C. To determine the unique C, we calculate 20 C
values with changing impact force and calculate mean value of the 20 C values. The mean C value 
resulted in Cmean = ̢2.23 × 10–7. To valid the self-correction using Cmean, we execute more 20 times 
impact test and calculate root mean square (RMS) values of errors of Ferror, difference between Fmass and 
the force corrected using Cmean, ECmean, and the difference between Fmass and the force corrected using 
individual C, EC. Fig. 4 shows the RMS values of residual errors. The RMS values of ECmean were almost 
the same as that of EC. So, the dynamic correction using Cmean is said to be sufficiently effective. 
Fig. 4. (a) Relationship between the differential coefficient of the second order of the force measured with the transducer and the 
difference between Ftrans and Fmass. (b) RMS values of Ferror = Ftrans – Fmass,and ECmean = Fcorrected,Cmean – Fmass and EC = 
Fcorrected,C – Fmass about other 20 sets of impact test 
4. Summary and future prospection 
We reviewed a principle of the levitation mass method which can apply and measure force precisely 
and a dynamic error correction method for a force transducer using the LMM. From the simultaneously 
measurements of the force using the force transducer and the LMM, it was revealed that the main factor 
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of the dynamic error was the inertial mass of a part of the transducer. Using the relation between the 
acceleration of the contact point of the transducer and the output signal of the transducer itself, the 
correction using a pre-calculated correction parameter is enabled. Therefore, if the manufacture of a 
transducer measure and release the parameter, all users who don’t have a measurement system based on 
the LMM can apply the dynamic correction for their application. We constructed software for correcting 
the error from the inertial mass and opened it to public at our website [12].  
Until now, the correction was executed considering only the inertial force of the transducer. However, 
there are some residual errors resulting of the viscosity, the creep deformation, and so on. We are 
constructing more precise measurement system in order to investigate the residual errors and trying to 
introduce correction equation for those errors.  
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